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INTRODUCTION: The major goal of the project is to develop a platform technology for
detection and therapy of prostate cancer (PC) based on induced cancer-specific expression of
reporter or therapeutic proteins.

1. KEYWORDS: tumor-specific promoter, molecular-genetic imaging, radiotherapy, human
chorionic gonadotropin 3 chain (BhCG), herpes simplex virus 1 thymidine kinase (HSV1-tk)

2. ACCOMPLISHMENTS:
a. What were the major goals of the project?
1) To generate plasmids for tumor-specific expression of diagnostic gene
(BhCG) and therapeutic gene (HSV1-tk)
2) To test efficiency of PEG-prom driven BhCG as new diagnostic
marker in vitro and in vivo
3) To test therapeutic efficacy of PEG-Prom driven HSV1-tk with
[?*At]JFAAU in vitro and in vivo
b. What was accomplished under these goals?

A. New diagnostic system for prostate cancer

Encouraged by our previous success in molecular-genetic imaging 6
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intravenously injecting one million PC3/ML cells tagged with firefly luciferase (fLuc) to
NOD/SCID/IL2ry™!" (NSG) mice (Fig. 2). This model starts to develop detectible metastatic
lesions three weeks after the injection and dies at around the 6™ week due to metastatic disease.
The tumor expresses fLuc for non-invasive tracking of metastatic tumor development. We
injected pPEG-BhCG vectors formulated with in vivo jetPEI for systemic delivery to our
metastatic PC-bearing mice and healthy mice as a control group. Forty eight hours after the
injection of the nanoplex, we collected blood and urine from each mouse and measured the level
of human BhCG. We were able to detect soluble fhCG in both serum and urine of tumor bearing
mice whereas there were no detectable phCG from healthy mice (Fig. 2e). We have even shown
that we could detect BhCG from the urine of tumor-bearing mice using a commercial pregnancy
test (Fig. 3).

B. Creation of clinically compatible theranostic vectors
Our success in animal applications of molecular-genetic
approach led us to human transpation of this new platform
technology. Our current research grade vectors, however,
are not suitable for human application for reasons described
below. In order for these vectors to be readily translated
into human application we designed clinically compatible
vectors equipped with following features: a) CpG-free
vector backbones and reporters, b) Neomycin/Kanamyecin
resistant selection marker, ¢) Scaffold/Matrix Attachment
Region (S/MAR) sequences and d) small size. Majority of
expression vectors used for research contains sequences
from bacterial origin. These bacterial sequences and
mammalian promoters often rich in unmethylated 2’- Figure 4. Diagram of the pCpGfree-
deoxyribo (cytidine-phosphateguanosine) (CpG) PEGwt-HSV1-tk-neo vector.
dinucleotides. When introduced to vertebrate animals,

unmethylated CpG sequences can be recognized by Toll-like Receptor (TLR9) followed by acute
induction proinflammatory cytokines such as IL-6, IFNy, TNFa, and 1L-12, which could be
lethal. We took advantage of the CpG-free vector from the InvivoGen containing CpG-free R6K
gamma origin of replication, CpG-free polyadenylation signal, CpG-free Neomycin/Kanamycin
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IL-12 (sensitivity: 7.8pg/mL) TNF- a (sensitivity: 10.9pg/mL) IFN-y (sensitivity: 9.3pg/mL)

Non-injected | pPEG-fLuc PEGwt |Non-injected| pEPG-fLuc PEGwt |Non-injected| pEPG-fLuc PEGwt
Mousel ND 1202.9 1.6 ND 30.3 21.2 ND 23108.9 6091.1
Mouse2 ND 593.9 ND ND 39.9 30.2 ND 17320.0 8520.0
Mouse3 ND 747.0 ND ND 41.8 26.7 ND 15293.3 5848.9
Mouse4 ND 989.4 ND ND 53.2 38.8 ND 22882.2 5633.3
Mouse5 ND 972.4 4.6 ND 49.4 27.3 ND 20404.4 5293.3
Average 901.1 42.9 28.8 19801.8 6277.3
STDEV 235.6 8.9 6.5 3437.8 1287.5

HSV1-tk for the vector to create full CpG-free vector except for the sequence of the PEG-Prom
(Fig. 4, pCpGfree-PEGwt-HSV1-tk-neo).

The pCpGfree-PEGwt-HSV1-tk-neo vector was capable of expressing functional thymidine
kinase when transfected to human PC cell line PC3 as evidenced by in vitro radio-uptake assay
using [*®1]FIAU as HSV1-tk substrate (Fig. 5). In addition, cells transfected with the CpGfree-
PEG-tk vector exhibited better uptake of [*?*IJFIAU compared with cells with regular CpG-
containing vector, pPPEG-HSV1-tk (Fig. 5)

Encouraged by the successful expression of PEG-Prom-driven functional thymidine kinase in
human PC cell line, we further created advanced version of plasmids with CpG-free and CpG-
reduced PEG-Prom. Most of mammalian promoters have CpG sequences and spontaneous
methylation of these CpG sequences within promoters causes rapid decline of reporter
expression due to epigenetic silencing. Removing CpG sequences from expression vectors
showed reduced immune response and prolonged expression of a reporter. We found 42 CpG
sequences in the PEG-prom and created two additional vectors with a) complete CpG-free PEG-
Prom and b) vector with reduced CpG sequences leaving CpG sequences reside in transcription
binding sites. Both CpG-free and CpG-reduced PEG-Proms exhibited reduced promoter
activities in tested cells indicating these CpG-sequences in the wild type PEG-Prom are essential
for its activity (data now shown). We chose the pCpGfree-PEGwt-HSV1-tk-neo vector for our
further studies.

C. Determining the level of induction of proinflammatory cytokines upon injection of CpG-
containing and CpG-reduced plasmid

To evaluate further the clinical compatibility of the CpG-reduced vector we tested whether there
were significant differences between the CpG-containing original vector and the CpG-free vector
with PEGwt with respect to inducing inflammatory reactions when systemically injected into
immune-competent mice. We formulated both plasmids with commercial in vivo-jetPEI and
injected them into CD-1 mice intravenously. CpG-reduced plasmids showed significant
reductions in induction of acute inflammatory cytokines (IL-12, TNF-a, and IFN-y) in serum
compared with those for the CpG-containing, research grade vector pPEG-fLuc (Table 1).

Table 1. Induction of inflammatory cytokines (ND: not detected)

D. Testing the therapeutic efficacy of PEG-HSV1-tk + [21!At]JFAAU in metastatic prostate
cancer



We used metastatic PC3/ML cells to express fLuc stably for non-invasive monitoring of disease
progression in a murine model (Fig. 2). We tested the efficacy of molecular-genetic therapy (i.e.
systemic delivery of a vector for PEG-Prom-driven HSV1-tk expression followed by
administration of 740 kBq of [2*!At]JFAAU, the HSV1-tk substrate labeled with a therapeutic a-
emitter, targeting metastatic lesions. We used in vivo-jetPEI for systemic delivery. We tested two
versions of the expression vector, CpG-containing research grade vector (I-PEI TK) and CpG-
reduced clinical vector (I-PEI CfTK). Animals treated with both vectors showed a significant
delay in tumor B
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L. Figure 6. PEG-Prom-driven HSV1-tk in combination with [?*At]JFAAU showed
addition, the CpG' significant tumor growth delay in a micrometastatic model of prostate cancer. A,
reduced vector Bioluminescent images of mice. B. Kaplan-Meier curve showing survival time after

therapeutic efficacy

relative to the CpG-containing vector. We performed a long-term toxicity study of [?1!AtJFAAU
(up to 1.48 MBq) with immunocompetent mice. No mice demonstrated any abnormality in
weight, CBC, creatinine, and ALT for up to 1 year (data not shown).

c. What opportunities for training and professional development has the project
provided?
Co-investigator Dr. Minn was supported to attend the annual meeting of the Society for
Nuclear Medicine and Molecular Imaging in 2015.

d. How were the results disseminated to communities of interest?
The results presented in this report will be published in high-impact peer-reviewed
scientific journal.

e. What do you plan to do during the next reporting period to accomplish the goals?

i. Nothing to Report.

3. IMPACT:

a. What was the impact on the development of the principal discipline(s) of the
project?
The present research results demonstrate successful application of utility of the
molecular-genetic imaging approach into simple, non-invasive diagnostic and
effective therapy. For diagnostic application, we showed that our hypothesis to
use BhCG as a reporter for easy detection using over-the-counter pregnancy test
kit has worked with mice model of human PC. We also successfully combined
tumor-specific expression of HSV1-tk and treatment with therapeutic radio-labeld
substrate [2*!At]JFAAU for treating mice model of metastatic PC.

b. What was the impact on other disciplines?



Our successful development of clinically compatible expression vector backbone
can be adopted to other gene therapy applications other than PC for their clinical
translation.

c. What was the impact on technology transfer?
Our invention of the tumor-specific promoter driven reporter system for imaging
human cancer has been licensed to the Canter Targeting Systems Inc. for clinical
translation of the approach.

d. What was the impact on society beyond science and technology?
No current impact on society to report. Upon successful clinical translation of the
research will provide the PC patients with safe, non-invasive ways to detect the
cancer and more options for treating aggressive metastatic PC in the future.

4. CHANGES/PROBLEMS:
No changes or problems to report

5. PRODUCTS:
No product to report

6. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

o What individuals have worked on the project?
= No change
o Has there been a change in the active other support of the PD/PI(s) or
senior/key personnel since the last reporting period?
= Martin Pomper
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inject the patient with imaging or therapeutic versions of FIAU to enable imaging or therapy of
PCa — potentially in asymptomatic men.
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Aim 3: Testing of plasmids generated in vitro and in vivo
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